to an abnormal result. By itself it is not conclusive, and it requires corroboration from other evidence because the findings for some 16% of healthy subjects fall below one standard deviation from the mean. However, this criterion increases the chances of detecting early abnormality and goes some way towards protecting those subjects whose lung function, whilst initially above average, is declining at an increased rate. REFERENCES G (1974) Dr J M B Hughes suggested that when the transfer factor was measured this should normally be done in triplicate to reduce the measurement error but it should be replaced by the Kco for routine use as the latter involved one measurement less.
Berry
Dr Cotes replied that the reproducibility of the Kco (transfer factor per litre of alveolar volume) was almost exactly the same as for the transfer factor. This was due to its being negatively correlated with alveolar volume and not independent of it. In his view the transfer factor was the more meaningful index, except possibly in patients with emphysema. In answer to Dr K B Saunders, Dr Cotes said that the response to bronchodilators was a proportional and not an absolute one. In healthy subjects it was usually less than 10 % but with a wide range; in patients it often varied from one outpatient attendance to another. Professor C M Fletcher thought it a mistake to make a yes/no decision on whether or not a subject responded to bronchodilators, but Dr Saunders considered this a necessary preliminary to deciding whether or not bronchodilator drugs should be prescribed. Professor E J M Campbell said that the decision should rather be when not to prescribe them, as most patients benefited to some extent. 
Interpretation of Multivariate Data
In a short presentation it is possible to deal with only some of the techniques for the analysis of multivariate data: I shall consider discriminant functions and the problems of normal ranges involving two or more variables. It is not possible to discuss factor analysis, principal components or cluster analysis, which are all of potential use.
Discriminant analysis is applicable when it is desired to identify those attributes which best distinguish between populations whose separate existence is established on general objective grounds. The statistical theory of this technique depends heavily on the assumption of normal multivariate distribution for the variables. However, a good deal of empirical evidence now exists that discriminant functions can be very useful in identifying the main variables that distinguish between populations, if any such variables exist. It has also been found that in many examples the number of useful variables rarely exceeds four or five, and it is frequently less. It is suggested that this method, critically interpreted, is always worth trying in the attempt to identify major discriminating factors.
The problem of normal ranges is relatively straightforward (statistically) in the case of single variables. When two or more variables are involved there are frequently contradictions between the combined verdict of all the variables and that based on the evidence of each taken separately. The resolution of these contradictions is only in part statistical. The most useful approach is that discussed by Dr Cotes (p 166), in which the actual impairment of health or risk occurring at different combinations of the variables is determined.
Dr D Denison asked what was the procedure for deciding which of a group of intercorrelated measurements was likely to yield the most information. Dr Spicer replied that the discriminant function did precisely this, though occasionally difficulty arose because the procedure depended to some extent on the order in which the variables were presented. In answer to Professor E J M Campbell, Dr Spicer said that cluster analysis entailed obtaining an index of similarity between each pair of subjects; these were then sorted by the computer so that people with similar characteristics tended to come together. Difficulty arose in deciding what similarity index to use, what methods of sorting to use and how to separate the clusters. The technique could be applied to continuous functions but it was difficult to eliminate the subjective element in the method as no objective tests of significance were available. In answer to Dr G Laszlo, Dr Spicer said that there was a tendency for people to split up scales into finer divisions than could be justified objectively; a four-point scale often sufficed.
Mr P K Morgan P K Morgan Ltd, 10 Manor Road, Chatham, Kent Current Trends in the Automation of Measurement Procedures Instrumentation for pulmonary function measurement has progressed very rapidly in the past five years, and in the United States of America has outstripped the level of development observed in Europe. The size of the American market has encouraged a more adventurous spirit amongst the increasing number of manufacturers in, and now entering, this field.
American hospitals are supported by the charges made for services performed and each test made contributes to the income received. It is now mandatory that hospitals offering an inhalation therapy service must also perform certain pulmonary function tests.
The levels of training and remuneration for pulmonary function technologists has risen substantially, and the range of equipment used increased. A single-breath test with its subdivisions can cost as much as $35 -charged to the patient's insurance or hospital account.
This general background has encouraged the development of some highly automated systems. Dry spirometers fitted with microprocessor calculating elements measure and print out the results of the single-breath test, complete with patient identification and hospital account number. Larger units carrying out an almost full spectrum of tests including functional residual capacity, closing volume, and diffusing capacity, have been similarly automated, printing out these values together with the single-breath tests onto one record sheet, with carbon copies for distribution to the doctor, accountant and laboratory file. The units are equipped with a normal-value store, and against the actual value the normal result for the patient is recorded automatically.
Many of the larger laboratories are now equipped with a departmental computer which provides a large data storage capacity, several cathode-ray tube terminals, and usually one high-speed typewriter output. These networks are connected to all the laboratory instrumentation, wherever possible to interface with pre-processed data. Exceptionally, raw analogue signals are interfaced and processed by the main computer programme. The terminal enables the technician to 'call up' data from previous tests during subsequent attendances, the physician to consult these records to monitor progress, and the research worker to collect information from routine investigations.
European manufacturers wishing to market equipment in the United States must now offer similar automated systems. With the expertise now available in British cardiopulmonary laboratories, cooperation with industry could offer a fully automated exercise testing system which would be a significant advance on the present-day American experience.
Mr Morgan in reply to Mr A Bennett, said that equipment was now becoming simpler through the incorporation of automatic means of doing many of the things formerly done by technicians. The earliest adverse effects of occupational and environmental factors on the lung are probably changes in the small airways (<2 mm diameter). The most satisfactory method at present available for detecting these changes, which is also suitable for epidemiological use, is the maximum expiratory flow-volume curve. A portable spirometer has been modified to record flow-volume curves in addition to the digital display of the forced expiratory volume (FEV) and the forced vital capacity (FVC).
Description of Spirometer
The spirometer has a polythene bellows of capacity 10 1, and linearity ± 1 % up to 8 1. The bellows drives a low-torque potentiometer from which a voltage proportional to volume is fed into the digital electronics. The spirometer timing is based on a 128 kc/s oscillator. The three-digit display of half-inch light-emitting diodes has a minimum reading of 10 ml. The use of CMOS logic ensures a low power consumption of + 6 V at 50 mA, and -6 V at 10 mA. The spirometer can operate either from rechargeable batteries or four HP11 dry batteries.
The resistance of the bellows unit and inlet
